Abstract Screening assessments for dysphagia are essential in neurodegenerative disease. Yet there are no purpose-built tools to quantify swallowing deficits at bedside or in clinical trials. A quantifiable, brief, easy to administer assessment that measures the impact of dysphagia and predicts the presence or absence of aspiration is needed. The Clinical Assessment of Dysphagia in Neurodegeneration (CADN) was designed by a multidisciplinary team (neurology, neuropsychology, speech pathology) validated against strict methodological criteria in two neurodegenerative diseases, Parkinson's disease (PD) and degenerative ataxia (DA). CADN comprises two parts, an anamnesis (part one) and consumption (part two). Two-thirds of patients were assessed using reference tests, the SWAL-QOL symptoms subscale (part one) and videofluoroscopic assessment of swallowing (part two). CADN has 11 items and can be administered and scored in an average of 7 min. Test-retest reliability was established using correlation and BlandAltman plots. 125 patients with a neurodegenerative disease were recruited; 60 PD and 65 DA. Validity was established using ROC graphs and correlations. CADN has sensitivity of 79 and 84% and specificity 71 and 69% for parts one and two, respectively. Significant correlations with disease severity were also observed (p \ 0.001) for PD with small to large associations between disease severity and CADN scores for DA. Cutoff scores were identified that signal the presence of clinically meaningful dysphagia symptomatology and risk of aspiration. The CADN is a reliable, valid, brief, quantifiable, and easily deployed assessment of swallowing in neurodegenerative disease. It is thus ideally suited for both clinical bedside assessment and future multicentre clinical trials in neurodegenerative disease.
Introduction
Swallowing deficits (dysphagia) following the onset of progressive neurodegenerative disease (NDD) are common [1, 2] . Difficulties in eating and drinking can have pervasive and devastating effects on the health and quality of life of the individual [3] . Dysphagia can lead to aspiration pneumonia and subsequent death in a number of NDD groups including Parkinson's disease [4] , Huntington's disease [5, 6] , amyotrophic lateral sclerosis [7] and hereditary ataxias [1, [8] [9] [10] [11] making identification and measurement of dysphagia a key clinical and research priority in neurodegeneration.
Bedside assessments of dysphagia in clinical settings are often unstandardized, relying on subjective judgments of the clinician rather than quantitative protocols. Clinical centres regularly develop their own informal screening tools with unknown psychometric properties [12] . These instruments are not suitable for use in clinical research, and may not be appropriate for day to day clinical practices given the lack of information on their reliability, sensitivity and specificity to impairment. Dysphagia assessments in experimental settings (e.g., drug trials for progressive neurological disorders) are either absent, or are focussed on the presence or absence of aspiration only. Where validated and standardised assessments are available [13] [14] [15] [16] [17] [18] [19] [20] [21] , they present with mixed sensitivity, specificity and utility (described here as face validity, ease of use, timeliness, cost, and multiple language options).
Two reviews of clinical bedside assessments conducted in the past decade examined the quality of 49 tools designed to screen swallowing impairment in neurological populations [22, 23] . Only nine of those tests met predetermined criteria relating to adequate validity, generalizability and reliability [developed by the Dutch Cochrane Centre (http://www.cochrane.nl)] as well as sensitivity and specificity C50%. Each tool aimed to determine the presence or absence of aspiration through trialing water and/or a variety of consistencies and viscosities, some including simple oral motor tasks such as lateral tongue movement and others noting signs of suspected aspiration including coughing, choking or gagging or including pulse oximetry [13, 14, 16, 17, 21, [24] [25] [26] [27] . Six of those assessments were validated exclusively in stroke populations, with three including NDD in addition to stroke patients [13, 16, 17] . Of those tools that considered NDD patients, three examined swallowing through consumption only (Clav_ e et al. [13] trialled different viscosities and volumes delivered via syringe and simultaneous pulse oximetry; Wakasugi et al. [17] ) aimed to determine the presence of silent aspiration through a cough test where patients inhaled mist of citric acid-physiologic saline orally for 1 min with an ultrasonic nebulizer; Suiter and Leder [16] required all participants to drink 90 cc of water without interruption], with the fourth by Logemann et al. [24] , the 28 item Northwestern Dysphagia Patient Check Sheet (NDPC), considering medical history (e.g., history of recurrent pneumonia), behavioural variables (e.g., alertness), gross motor function (e.g., posture), oral motor function and observations during consumption of different viscosities, all within a two category response (safe/not safe). Considering all tools with strong psychometric properties together, the NDPC offers the most comprehensive assessment of dysphagia within the context of a bedside screening. Yet the NDPC does not provide scope for quantifying the severity of deficits, frequency of swallowing deficits nor elicit responses relating to compensatory eating and drinking behaviours such as modified diet. Its length (28 items plus consumption tasks) also restricts its utility as a quick bedside tool for evaluating dysphagia in clinical routine and multicenter trials in NDD.
The remaining clinical bedside assessments did not consider or quantify secondary behaviours relating to swallowing including modified diet, presence of chest infections, or level of independence during mealtimes. Data on these behaviours are essential for determining how the swallowing deficits are managed. They also provide information on how deficits impact the patient beyond the impairment itself.
The aim of the current study was to develop and validate a clinical assessment of dysphagia for use in NDD populations. Existing options available to clinicians do not provide adequate means for quantifying the nature and severity of dysphagia in these progressive, usually multisystemic disorders. Here we seek to provide evidence for a valid, reliable and sensitive tool for evaluating dysphagia which builds on the strengths of existing swallowing screeners designed to identify suspected aspiration/penetration while incorporating quantitative data on the impact of feeding related activities. Development of an assessment that describes the impact of dysphagic symptoms by allocating a cumulative severity value to the patient's swallow as well as characterises the nature of the deficit and how dysphagia manifests in the patient fills an important gap in the assessment battery of clinicians and researchers working in NDDs.
Methods

Tool development
The Clinical Assessment of Dysphagia in Neurodegeneration (CADN) was developed following a thorough literature search and related systematic review of dysphagia selfreport questionnaires conducted by us [28] , which revealed an absence of clinical screening assessments of dysphagia suitable for progressive neurological disorders. We focused on building a quick (CADN administration and scoring takes on average 7 min as determined by measuring administration time of three assessors to three participants each with an average of 7.4 min with a range 6-10 min) bedside tool (CADN has 11-items) to provide information on both aspiration risk but also feeding and compensatory behaviours. It was designed to serve a threefold purpose: (1) to quantify dysphagia as a clinical endpoint; (2) to inform clinical care through identification of feeding behaviours; (3) to predict the presence or absence of aspiration signalling the need for further investigation via videofluoroscopic swallowing study (VFSS) or Fibreoptic endoscopic evaluation of swallowing (FEES).
The CADN was developed by a multidisciplinary team (3 speech-language pathologists, 1 neurologist, and 1 neuropsychologist) with clinical experience in progressive neurological disorders, in particular NDD. The first version of CADN included 13 items with the additional two items examining lip and tongue function in isolation (not during consumption). After piloting this extended version of the CADN within the clinic, the development group decided to remove the two 'oral motor' exam items to produce the 11 item version evaluated here. Oral motor items were considered outside of the remit of CADN and could be adequately addressed in other validated and widely used tools such as the Frenchay Dysarthria Assessment-2 [29] . These items also added time to the assessment, reducing its utility. Severity scores for each of the 11 items of the CADN, ranging from 0 (no impairment) to 4 allow quantification of changes in function resulting from disease progression or treatment response. The CADN is split into two parts, a clinical case history (anamnesis) and a consumption part (see Supplement 1), each allowing quantification of different aspects of traditional swallowing assessments. Part one includes eight questions on frequency of coughing or choking on liquids and solids, saliva management, frequency of chest infections, assistance eating and drinking and diet modification (due to swallowing problems). Part two builds on existing aspiration risk tools by asking patients to drink water, and complete puree and biscuit trials. Water trials and different viscosities were included in the consumption part of the CADN as trial swallow tests with different viscosities have higher sensitivities and comparable specificities than water alone [22] . Further, different viscosities serve to inform clinicians' post assessment management. A discontinuation rule allows omission of the biscuit trial in patients with a severe impairment (score of 4) during the water or puree tasks.
A statistician based at the Hertie Institute for Clinical Brain Research, Tübingen, was consulted during development of the scoring matrix for CADN. The initial version of CADN used the highest score of each part to calculate the total score. However, that method led to implausible results, e.g. a patient who only coughs on water received the same score as a patient who coughs on all textures/consistencies. The final, validated version builds on the highest score by adding ?1 for every 'moderate' or 'severe' score, ensuring CADN is sensitive to severe presentations. Moreover, the scores associated with descriptive terms were altered to reflect their meaning, i.e., patients with no impairment were able to receive scores of 0. Scale categories that increase in line with increasing levels of severity allows for quantitative matching of clinical impressions with severity scores thus maximising the clinical interpretability of the tool. We also evaluated the instructions and scoring components of CADN with naive users, ensuring users unfamiliar with the tool were able to accurately score outcomes.
Participants
Assessors
Speech language pathologists (SLPs) at the University Hospital Tübingen with more than two years' experience working with NDDs conducted the assessments. The assessors did not receive any additional training to conduct the assessment, but relied on the instructions contained in the tool.
Patients
A consecutive series of patients with NDD admitted to the Department of Neurology, University Hospital Tübingen, Germany (both in-patients and out-patients) were recruited into the study from 2015 until 2016. Patients had to meet the diagnostic criteria of one of the following a neurodegenerative diseases out of one the following 2 groups: (1) Parkinson's disease (PD), or (2) degenerative ataxias (DA) (including autosomal-dominant spinocerebellar ataxias [SCA], Friedreich ataxia, Autosomal Recessive Spastic Ataxia of Charlevoix-Saguenay (ARSACS) [30] , mutations in the nuclear-encoded mitochondrial DNA polymerase gamma (POLG) related ataxias [31] ), each diagnosed according to the respective consensus criteria (for PD) and to genetic confirmation (for SCAs, FRDA, ARSACS and POLG), respectively. All patients were included if they presented with some difficulty swallowing as determined by the consulting neurologist, and they were: [18 years old, able to provide informed consent, able to follow simple instructions, capable of sitting upright for anamnesis and examination for at least 20 min (in chair or wheelchair). Patients were excluded if they presented with a history of stroke, had surgery to the head or neck, received radiotherapy in the last 12 months, presented with dysphagia resulting from other known causes (e.g., somnolence), or had an allergy to radiopaque material (containing iodine). All patients were assessed for disease severity [PD: Hoehn and Yahr Scale (HY) [32] ; group DA: Scale for the assessment and rating of ataxia (SARA) [33] ], Instrumental Activities of Daily Living (IADL) [34] and, were screened for cognitive deficits using the Montreal Cognitive Assessment (MoCA) [35] . Patients receiving a score [20 were accepted into the study. Data from patients scoring \20 on the MoCA were also assessed using the CADN with the intent of determining its utility in individuals with cognitive impairment.
Procedure
Reference tests and clinically meaningful endpoints
Following informed consent, all patients were assessed using the CADN (index test). Two-thirds of patients underwent a VFSS (reference test for part two of CADN) and completed a swallowing related quality of life survey (SWAL-QOL) [36] (reference test for part one of CADN). The VFSS was evaluated using the Penetration-Aspiration Scale (PAS) [37] . The PAS is a validated an eight-point, interval scale to describe penetration and aspiration events based on evaluation of VFSS. A clinically meaningful cutoff of C5 was applied to these data. Scores equal to and above five suggest that material enters the airway, and either makes contact with or passes below the vocal folds during a swallow.
The SWAL-QOL is a validated self-report questionnaire. The Symptom scale of the SWAL-QOL includes 14 questions relating to coughing, choking, secretion management, etc. [36] . The score can be converted to a percentage where 100 equals no impairment. There are few validated self-report measures of swallowing function suitable for neurodegenerative populations [28] . The SWAL-QOL was considered the best equivalent of anamnesis available within the literature. It has been carefully validated [36, [38] [39] [40] and applied in a variety of neurodegenerative disorders including PD, Huntington's disease, Spinocerebellar Ataxia and Amyotrophic Lateral Sclerosis [41] [42] [43] [44] [45] . The SWAL-QOL was considered a suitable reference test on which to validate CADN part one based on several features (i.e., validity, reliability, coverage of relevant domains, interpretability, similarity to CADN part one, and wider acceptance and use by the scientific community and clinicians) as determined by a systematic review of self-reported swallowing assessments in progressive neurological disorders [28] . A conservative but meaningful cutoff, sensitive to any swallowing dysfunction, was determined by examining the scoring breakdown of the SWAL-QOL and by considering outcomes from control data of 112 healthy individuals without neurological illness or physical disability (mean age 44.64 years, SD = 17.14; education average 14.61 years, SD = 2.56) [46] . The average of healthy controls based on our normative data for the symptoms score was 93. Scores of \89 were considered indicative of dysfunction on the ''Symptoms'' scale of the SWAL-QOL. A score below 89 suggests that the participant has responded to all items (on average) that they 'Sometimes' or 'Hardly ever' (as opposed to 'Never') present with swallowing problems. This emphasis on sensitivity of the cutoff is based on the importance of timely and early detection of patients with possible swallowing deficits, which might require further specific dysphagia assessment and work-up. Items ask whether respondents experience: gagging, drooling, problems chewing, choking when you eat food, food sticking in throat or mouth, and food or liquid coming out nose or mouth. Cut-off scores above 88 mean that respondents predominately present with very few (or any) dysphagic symptoms. Conversely, a cutoff below 89 is sensitive to a dysphagia profile where respondents have (on average) experienced all of the swallowing profiles described within the SWAL-QOL. Beyond this cutoff, scores in either direction can be interpreted as suggesting an absence of dysphagia altogether ([88) or increasing levels of dysphagia (\89).
All CADN assessments were completed by two SLPs. SLPs were blinded to each other's CADN results and VFSS/SWAL-QOL outcomes. The CADN, VFSS and SWAL-QOL were all conducted within less than 24 h of each other. VFSS was conducted in conjunction with a radiologist.
Demonstrating methodological quality of CADN
Criteria based on recommendations outlined in QUADAS-2 (Quality Assessment of Diagnostic Accuracy Studies-2) [47] were used to establish the methodological quality of the CADN, with reference to concerns on bias and applicability. This includes the following procedural steps: (1) the reference test (VFSS for CADN part one and SWAL-QOL Symptoms for CADN part two) and the index test (CADN) were interpreted independently from each other (i.e., raters examining VFSS were blinded to outcomes of CADN); (2) the index test was applied independently of relevant information on clinical data of the patient (assessor were not privy to information on patient severity); (3) the reference test was applied to all patients who received the index test where practically possible; (4) the period between the reference test and the index test was planned to be short enough (i.e., within 24 h) to be reasonably sure that the target condition did not change between the two tests [in some cases individuals with PD may have been assessed while ON or OFF (medication/deep brain stimulation) depending on the exact time of follow-up assessment]; (5) the study population was appropriate to evaluate the proposed use of the index test; (6) data are presented in enough detail to calculate appropriate test characteristic; (7) the index test is described in detail so it can be reproduced; (viii) satisfactory definitions were used for normal/abnormal reference test results and normal/abnormal index test results.
Statistical analysis
Statistical analyses were conducted using SPSS using nonparametric tests.
Validity, sensitivity and specificity were established separately for the two parts of CADN. Validity of the anamnesis part (CADN part one) was determined by comparing data from this part of the index tool with the ''Symptoms'' section of the reference test (SWAL-QOL). Validity of the consumption part (CADN part two) was determined by comparing data from this part of the index test with outcomes from the reference test (VFSS). Validity was described by analyzing sensitivity and specificity using receiver operating characteristic (ROC) graphs. Using the ROC curves, specific cut-off values for both parts of the CADN were used to determine test sensitivity ([0.7) and specificity ([0.6). We considered both specificity and sensitivity to be equally important and the compromise between those points determined the cutoff for the ROC curve. Cutoffs needed to simultaneously maximize sensitivity while minimizing type II error. Sensitivity was calculated to highlight the proportion of participants who were correctly identified as presenting with clinically meaningful mealtime deficits (part one) and at risk of aspiration according to ratings derived from VFSS using PAS. Specificity calculations highlighted the proportion of participants who were correctly identified as not being at risk of aspiration. Differences between diagnostic groups and scores on the MoCA were explored. Correlations among disease severity and CADN scores were calculated using Spearman's Rho with an adjusted significance level of p \ 0.008 to cater for multiple comparisons.
Reliability
Inter-rater reliability for the CADN was established by examining agreement between rater scores on part one (anamnesis), part two (consumption) and the total CADN score from 62 participants. Differences of one point between raters were defined as an accepted deviation. Agreement was described using a Bland-Altman plot rather than intra-class correlation, as it was anticipated both samples would be strongly correlated [48] . Only data from the first assessor were included in the final validation data analysis. Repeated assessments were only used for establishing reliability, as determined in our preanalysis plan.
Item reduction
Item reduction was not conducted for part one (anamnesis). All items on the CADN provide tangible clinical information designed to inform clinical practice. Data collected from items on dietary changes, assistance during mealtimes, frequency of coughing or choking on foods, liquids and saliva hold intrinsic clinical value for the management of NDD. Item reduction was only applied to the two water consumption tasks of part two as they may be eliciting the same information. Items were eliminated if they did not contribute to test accuracy.
Translations
A German translation of the English version of the CADN was developed. The translations were validated using a standard protocol that utilises both forward and backward translation with the input of multiple native English and German speakers and consensus ratings (see Supplementary Materials for English and German translations). The translation methodology has been published by other groups in different populations [49] .
Results
One hundred and twenty-five patients were assessed using the CADN. 80 completed a VFSS and 94 completed the SWAL-QOL (69 completed both VFSS and SWAL-QOL). Table 1 describes patient demographic and clinical details.
Sensitivity and specificity
The accuracy and utility of CADN is in part determined by how well it identifies those presenting with clinically meaningful deficits determined by clinical standards. ROC curve analysis (see methods section) shows good accuracy of 0.8 for DA and PD groups. The area under the curve and 95% confidence intervals CIs are summarised in Table 2 . The majority of ROC analyses were statistically significant except scores where participants received a MoCA score \20 or where the 'water with cup' item was removed from the total score.
Using the ROC curve analysis, specific cut-off values for both parts of the CADN were used to determine test sensitivity and specificity. Results for sensitivity and specificity are described in detail in Table 2 . Sensitivity values above 0.7 and specificity values above 0.6 were selected to ensure adequate utility of the tool as suggested by the systematic review from Kertscher et al. [23] .
Sensitivity was 79.3% for PD and 86.2% for DA on part one of CADN and 85.7% for PD and 83.3% for DA on part two of CADN. Sensitivity for all participants regardless of diagnosis was 79.3% for part one and 84.2% for part two of CADN. Specificity was 62.5% for PD and 80.0% for DA on part one of CADN and 69.8% for PD and 77.1% for DA on part two of CADN. Specificity for all participants regardless of diagnosis was 70.6% for part one and 68.9% for part two of CADN (see Table 2 for detail). Positive predictive values varied as a function of prevalence. High positive predictive values were observed for PD and DA on CADN part 1. High negative predictive values were observed for both groups for part 2.
The area under the curve (AUC) was not significant for participants with scores less than 20 on the MoCA for part one. Removing one of the water trials from CADN part two [either task one (consumption of water via teaspoon) or task two (consumption of water via cup)] reduced the sensitivity and specificity of the tool for determining the risk of aspiration according to PAS cutoffs.
Inter-rater reliability
Agreement between raters was established by assessing the same patient twice within 24 h. Large and significant correlations were observed between raters (CADN total: Spearman's Rho = 0.674, p \ 0.001, part one: Rho = 0.725, p \ 0.001, part two: Rho = 0.575, p \ 0.001). One-way t test for mean CADN scores of each rater did not significantly differ (total CADN: mean difference = 0.2, p = 0.221; part 1: mean difference = 0.02, p = 0.873; part 2: mean difference = 0.13, p = 0.462).
Bland-Altman plot analysis quantified the bias between mean rater assessments of the CADN and was used to estimate an agreement interval. Mean values close to zero for the total score and individual scores of part 1 and part 2 of the CADN revealed that there was no systematic offset between raters. 95% confidence intervals of the differences between rates showed that, with rare exceptions, disagreement between raters did not go beyond ±2.7 for the total score, ±2.3 for part 1 and ±2.6 for part 2. Linear regression of these measures showed there was no proportional bias (total score: t = -0.646, p = 0.52; part one: t = -0.38, p = 0.705; part two: t = 1.0, p = 0.317) i.e., agreement/disagreement between raters did not depend on severity (see Fig. 1 ).
Correlations between disease severity and dysphagia assessments
Significance was adjusted for multiple comparisons (p \ 0.008). Significant correlations were observed between CADN total, CADN part one and CADN two and measures of disease severity for PD (p \ 0.001). A significant correlation was also observed between the CADN part one and disease severity (p = 0.002) for DA (see Table 3 ). Correlations for the PD group (Rho = 0.5-0.67) were larger than the DA group which yielded small to medium correlation coefficients (Rho = 0.22-0.45).
Discussion
The CADN is a reliable, valid, brief, quantifiable, and easily deployed assessment of swallowing. Here we show that the tool has good sensitivity and specificity in both PD and cerebellar neurodegenerative disorders for detecting risk of aspiration as well as clinically relevant dysphagia symptomatology. Establishment and validation of the CADN adheres to high methodological requirements of tool development [47] and components of utility and meaningfulness proposed by the FDA [50] . The CADN provides a holistic approach to dysphagia assessment by quantifying both swallowing related behaviours determined through patient interview (e.g., history of respiratory infections, assisted feeding, etc.) and consumption through supervised eating and drinking of specific textures and consistencies.
To date, the majority of brief dysphagia screening assessments have sought to predict the presence or absence of aspiration without considering associated mealtime deficits [22, 23] . Aspiration risk is typically determined via trials of liquids or solids. Some use binary categories such as normal vs. abnormal (pass/fail) [14] while others deploy multiple trials of liquid in different volumes, e.g., 5-50 mL [51, 52] . Although CADN contains water trials, it also tests consumption of puree and biscuit, thus providing a standardized assessment format to currently unstandardized clinical bedside assessments. 
Psychometric properties of CADN
The CADN demonstrated good psychometric properties, with all ROC analyses appearing statistically significant and sensitivity above 80% for PD and DA on both parts of CADN, and specificity with an average for all comparisons above 70%. Large and significant associations were observed between the CADN with disease severity measures of PD. Smaller but meaningful effect sizes were present between CADN and disease severity measures of DA. Predictive values varied as factor of prevalence within each reference test. Higher positive predictive values were observed on CADN part 1 for both PD and DA groups where prevalence was higher (i.e., 55% for PD and 76% for 95% confidence intervals of the differences between rates showed that, with rare exceptions, disagreement between raters did not go beyond ±2.7 for the total score, ±2.3 for part 1 and ±2.6 for part 2 
Limitations and considerations
Inter-rater reliability was good. It is conceivable, however, that reliability would have been better if repeat assessments were conducted at the same time rather than simply within 24 h as specified given variability often observed in patients with PD whose performance can fluctuate as a function of medication routines. Data from participants with MoCA scores \20 completing part one did not satisfy methodological requirements for adequate sensitivity or specificity. Participants with cognitive deficits tested with the MoCA did not appear to accurately answer questions relating to the impact of dysphagia. Based on these data, administration of part one of CADN is not recommended in patients with moderate to severe cognitive deficits as they may not have the capacity to properly identify aspects of their swallowing impairment. The sensitivity and specificity of part two was not overtly affected by cognition as outcomes are determined by the assessor, not the patient. Trial item reduction resulted in a slight decrease in sensitivity of part two when the teaspoon item was removed, however, the area under the curve remained statistically significant. The test became insensitive to aspiration when the cup task was removed. Therefore, it is recommended that users administer all items of the CADN. Data show in more general terms that clinical bedside scores for dysphagia need to include tests of consumption.
Clinician derived measures of disease severity correlated significantly with all CADN scores (i.e., total, parts one and two) for patients with PD. Correlations between disease severity and the CADN were smaller for patients with DA. Only CADN part one was statistically significantly associated with changes in SARA scores. The size of correlations between CADN total, part two and disease severity measures of DA were meaningful with small to medium effect sizes (as suggested by Cohen [53] ), however, they were not statistically significant following adjustment for multiple comparisons. The lack of a significant association between the CADN part two suggests that some components of dysphagia are only loosely associated with overall ataxia severity. These findings differ for PD where we saw large correlations between both consumption and clinical history components of dysphagia and disease severity.
Conclusions
The dynamic and measurable nature of swallowing in NDD makes it an ideal clinical marker for monitoring disease progression and treatment response. Similarly, the requirement of the FDA to utilise patient focused outcome measures in clinical trials that reflect meaningful change in a patient's health and quality of life mean that assessments measuring swallowing constitute an important part of assessment protocols in NDD.
Where our tool adds value over existing assessments is its capacity to identify and quantify areas of deficit requiring advice or intervention. For example, the CADN identifies the frequency of coughing/choking episodes, difficulties on particular textures/consistencies, prevalence of chest infections and whether they are related to dysphagia or standard cold and flu, whether a patient modifies their diet, or utilises alternative utensils or drinking containers to aid safe swallowing/independence. Self-reported swallowing assessments in progressive neurological disorders have capacity to provide information on dysphagia beyond the impairment level, however, they can be lengthy, impractical at bedside and do not include quantification of consumption.
Given CADN is brief to administer and replicates in many aspects typical bedside assessments of swallowing, it can be adopted in a variety of clinical and research settings and multicentre trials where validated assessments are required to accurately describe the nature and severity of impairment. With additional validation it may be proven suitable for tracking disease progression or treatment response and use in NDD beyond PD and DA. Further, the CADN cut-off scores help in clinical decision making processes. Scores above a certain threshold on part two are highly sensitive to risk of aspiration (scores of 5 and above on the penetration-aspiration scale), suggesting the need for additional instrumental examination via FEES or VFSS.
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